Theˆlamentous fungus Aspergillus aculeatus no. F-50, isolated from soil, produces a number of extracellular cellulose-and hemicellulose-degrading enzymes. 1) Some of their genes were cloned and sequenced, and it has been observed that the transcriptions of these genes are mainly repressed by glucose and induced by cellulosic compounds. 2) However, the regulatory mechanism for the expression of these genes are still insu‹ciently understood. Moreover, A. aculeatus is expected to be an excellent host for heterogenous protein production, due to its own high capacity for producing and secreting proteins. Therefore, a need for stable transformation systems for A. aculeatus is increasing.
In this paper, we describe the transformation of A. aculeatus using drug resistance genes as selective markers. We also showed that an obtained A. aculeatus mutant, which could be transformed by A. nidulans pyrG, was useful as a host strain.
At theˆrst step, it was examined whether the protoplast-PEG method, 3) the standard procedure of fungal transformation based on a method used in Saccharomyces cerevisiae, could be used in A. aculeatus cells. Protoplasts of A. aculeatus were prepared basically according to the method used on Aspergillus oryzae, as described in a previous paper. 4) For protoplasting, an enzyme mixture of 0.4z Yatalase (Takara Shuzo, Japan), 0.3z Lysing enzymes L-2265 (Sigma, USA), and 0.3z Glucanex (Novozymes, Denmark) was used. After a reaction for 2 h, a su‹cient quantity of protoplasts was obtained. The regeneration frequency of the protoplasts was 10-20z, which was high enough to be used in the protoplast-PEG method.
Transformations of A. aculeatus were done by using AbA 5) (Takara Shuzo) or PT 6) (Takara Shuzo) resistance as a selective marker, because there was no auxotroph of the strain. Sensitivities of A. aculeatus toward AbA and PT were estimated on minimal medium 4) (MM) plates containing diŠerent concentration of each drug, and the observed MICs of the strain were 1.0-3.0 (averaged 1.5 mg W ml) and 0.05 mg W ml, respectively. These values were close to those reported for other Aspergillus species. 5, 6) Plasmid vectors pAUR316 (aurA R , AMA1 ), pPTRI ( ptrA, integrative vector), and pPTRII ( ptrA, AMA1 ) were purchased from Takara Shuzo. The AMA1 sequence enables a plasmid vector to be an autonomously replicating plasmid in Aspergillus cells. 7) Each plasmid was introduced into the wild-type strain of A. aculeatus by the protoplast-PEG method based on the procedure described previously. 4) According to estimated MICs, AbA and PT were added to the medium at concentrations of 3.5 and 0.2 mg W ml, respectively. In the AbA-resistance transformation system, transformants had an unstable phenotype of drug resistance, which would be caused by an uneven sensitivity of A. aculeatus to AbA (data not shown). In contrast, transformants that introduced pPTRI and pPTRII were clearly selected by PT resistance as a marker. The existence of introduced ptrA in transformants introduced both with pPTRI and pPTRII was conˆrmed by the Southern blot analysis using part of ptrA as a probe (data not shown). Thus it was concluded that the system could be used in transforming A. aculeatus. The transforming frequencies observed with pPTRI (0.1 cfuW mg DNA) and pPTRII (50 cfu W mg DNA) were somewhat lower than those reported in other Aspergillus species.
6) These might be due to the unsatisfactory quality of the protoplasts or some diŠerence of nature, such as the integrating frequency of a plasmid into the chromosome, among species. However, those frequencies were high enough for genetic engineering in the strain. Furthermore, we succeeded in an extraction of pPTRII from the transformant with an introduced plasmid, A. aculeatus strain PTII. The plasmid was obtained by transforming E. coli with the whole DNA extract from the strain PTII. The result suggests that the AMA1 sequence, which is indispensable for maintenance of plasmid in fungal cells, was useful in A. aculeatus.
The uridine auxotrophs of A. aculeatus were counter-selected by 5-FOA resistance, 8) after it was conˆrmed that the wild-type strain is sensitive to 5-FOA. The conidia of the wild-type strain were suspended in a saline W Tween solution (0.9z NaCl, 0.01z Tween 80), and the mutagenesis was done by UV irradiation to a survival of 10-20z. Then, it was spread onto MM plates containing 1.2 g W l 5-FOA and 20 mM uridine. About 200 colonies of 5-FOA resistant mutants were obtained, and the conidia of these colonies were puriˆed by repeating monospore isolation twice on MM plates to obtain homokaryons. Among them, the uridine auxotrophy of 30 colonies were examined repeatedly, and 20 colonies of them were identiˆed as uridine auxotrophs.
To obtain the pyrG, a homologue of Aspergillus nidulans pyrG, a deˆcient mutant of A. aculeatus, the complementation test was done using pPL6 harboring pyrG of A. nidulans.
9) Among the uridine auxotrophs tested, the transformant which showed the recovery of uridine autotrophy caused by the plasmid was identiˆed as the pyrG mutant, and named A. aculeatus strain PyrG. The phenotype of the strain was observed repeatedly, and it was conˆrmed that this was not a revertant.
The plasmid carrying the AMA1 sequence and pyrG of A. nidulans was constructed using the autonomous replicating plasmid pDHG25. 7) To remove the unnecessary parts of pDHG25 for this study, the plasmid was digested with HindIII, and self-ligated to obtain pAMA1. Then, the BamHI-BamHI fragment from pPL6 containing the full length of pyrG was inserted into the same site on pAMA1, and the resultant plasmid was named pAMA1-pyrG (10.1 kb).
Transformations of the strain PyrG were done using pyrG as a selective marker. Transforming frequencies with pPL6 and pAMA1-pyrG were 0.1 cfu W mg DNA and 50 cfuW mg DNA, respectively (Fig. 1) . These frequencies were almost the same as the PT resistance transformation system in this study, and were lower than other reported Aspergillus transformations with the pyrG deˆcient mutant. 8, 10) This might be due to diŠerences in the nature of the cell as described above, but they were high enough e‹ciencies for genetic manipulations. These results, again, suggest that the AMA1 sequence is functional in A. aculeatus.
The existence of an AMA1 type plasmid in A. aculeatus cells was investigated by Southern blot analysis using a probe of the DIG-labeled 1.4-kb XhoI-BamHI fragment from pPL6, which contained the full length the pyrG. The analysis was done toward whole DNA extracts from transformants which had pAMA1-pyrG introduced. In this analysis, only one signal was detected of the same size as pAMA1-pyrG in each sample (Fig. 2) . The result suggested that the AMA1 type plasmid was mainly maintained as a plasmid form in A. aculeatus cells, because another band would have appeared if the plasmid was integrated into the genomic DNA. Moreover, the transformants with the introduced AMA1 type plasmid were highly stable in their phenotype. It was expected that the AMA1 type plasmid could be extracted from the cells as shown in the transformation with PT resistance, and would be useful for genetic research and manipulations of A. aculeatus.
We have reported the initial attempt at stable transformation of A. aculeatus. The strain PyrG is theˆrst acquired auxotroph for A. aculeatus. Now, we are working on an overproduction of an enzyme using the strain PyrG as the host.
